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 Sexual selection is an evolutionary force that can result in highly elaborate traits. These 
traits function to increase mating success through intrasexual or intersexual competition. We 
studied whether blue coloration in the mountain bluebird (Sialia currucoides) is relevant during 
intrasexual contests over nest sites. Sexually dimorphic blue coloration in this species has been 
linked to mating success, but we know little about the function of this signal during aggressive 
interactions between males. Coloration may signal status and resource holding potential, but it is 
unclear whether aggressive behavior is based on individual status, the status of a competitor, or 
mutual assessment of both. We performed simulated territorial intrusions to understand whether 
male aggressive behavior was linked to his own status, the status of the simulated intruder, or 
both. We also measured food availability to determine if males with more intense coloration also 
obtained higher quality territories, as would be expected if plumage brightness honestly signals 
male resource holding potential (RHP). We found that male aggressive behavior was positively 
related to his own coloration, but not the coloration of his simulated opponent. However, while a 
single aggressive behavior was repeatable, our integrated metric of aggression was not. Lastly, 
we found that males with more saturated coloration obtained territories with greater insect 
abundance. Overall, our results provide evidence for the function of this signal during agonistic 
contests, and for the honesty of brightness as an indicator of male resource holding potential.  
Key words: sexual selection, behavior, territory quality, aggression 
 
Introduction 
Sexual selection is a complex evolutionary process resulting in elaborate traits that can 
increase mating success (Andersson 1994). First, sexually selected traits are utilized during 
intrasexual contests for mates. This type of sexual selection results in weapons that are directly 
used in fighting or signals of status that competitors use to evaluate each other. Second, sexually 
selected traits can be used intersexually during mate choice (Andersson 1994, Darwin 1859, 
1871). Conspecifics use signal traits to select mates that will provide benefits either directly, 
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through resources delivered during the current generation, or indirectly to future generations 
through “good genes” effects (Andersson 1986, Kirkpatrick 1982, Lande 1981, Møller and 
Jennions 2001, Moller and Alatalo 1999, Neff and Pitcher 2005).  
 During intrasexual competition, rivals can use status signals to evaluate the fighting 
ability of their opponent before escalating contests and avoid fights they are unlikely to win 
(Maynard Smith 1982, West-Eberhard 1979). These ornamental signals of status are distinct 
from weapons because they are used during rival assessment but are not directly utilized during 
fights (McCullough et al. 2016). Therefore, investigating whether status signals reflect fighting 
ability is a crucial component of demonstrating the information content of signaling traits 
(Searcy and Nowicki 2005). A great deal of research in birds and other taxa has indicated that 
ornamental traits are related to resource holding potential (RHP) and fighting ability (Hughes 
1996, Otter et al. 1997, Parker 1974, Pryke and Andersson 2003, Pryke and Griffith 2009, 
Rohwer and Rohwer 1978). Dark-eyed juncos with experimentally decreased plumage quality 
are less likely to win fights with other males (Grasso et al. 1996). Furthermore, P. dominulus 
paper wasps preferentially select rivals with facial patterns associated with lower quality (body 
size) when choosing individuals to challenge for contests over food (Tibbetts and Lindsay 2008). 
These results demonstrate that signal traits can be correlated with fighting ability and that 
receivers can distinguish between individuals when choosing to escalate contests.  
However, we have less evidence for relationships between fighting ability and contest 
outcome in natural populations. For example, signal quality may be related to territory quality or 
mate access for reasons other than RHP if higher quality males arrive to breeding sites earlier 
and avoid competition. Linking performance during fights to resource-winnings will allow us to 
better understand trait honesty and the maintenance of positive selection on sexually selected 
traits. We explored whether the sexually dimorphic UV-blue coloration in mountain bluebirds 
(Sialia currucoides) is informative between males during competition for nest sites. Previous 
studies have found that male mountain bluebirds with more elaborate coloration sire more 
offspring (Balenger et al. 2008). However, it is unclear what behaviors or mechanisms 
(intrasexual vs. intersexual) lead to this increase in reproductive success. Mountain bluebirds 
must nest in a cavity, but cannot excavate their own, leading to intense competition for nest sites 
during the early spring. Male eastern bluebirds with more elaborate coloration obtain nest boxes 
earlier when territory availability is experimentally limited, indicating that this signal may be 
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related to competitive ability (Siefferman and Hill 2005). However, to date, no study has 
observed whether resource holding potential or aggressive behavior of bluebirds covaries with 
male coloration.   
To this end, we performed simulated territorial intrusions to determine if male aggressive 
behavior was predicted by male coloration, and whether male behavior was repeatable across 
multiple observations. We also assessed whether coloration was related to contest outcome by 
measuring male territory quality (insect abundance). Our results shed light on the function of 
coloration in this system, and the mechanisms through which competitors determine the degree 




 We studied mountain bluebirds outside of Ronan, MT on the Flathead Indian Reservation 
(47.478370, -114.377034) from March 20th to April 20th, 2016 and March 28th to May 3rd, 
2017. The study site consists of 45 nest boxes spread across seven miles of fence line on a dirt 
road through sagebrush habitat. We scored nest development on a scale of 1-4 and checked 
highly developed nests (score 3 or 4) every other day until first egg.  
 
Simulated Territorial Intrusions  
In 2017, we conducted simulated territorial intrusions (STI) on resident males (hereafter 
called 'focal males'; n=44 trials at 25 nests) at the discovery of first or second egg. For a subset of 
nests discovered on the first egg (n=14), we repeated STIs after the appearance of the third and 
fifth egg using a separate specimens to measure both the repeatability of the response of the focal 
male as well as how his response changed with specimen color (see specimen source description 
below (n=5 nests repeated twice, n=9 nests repeated three times). We did not visit nests on the 
days between repeated intruder trials. During the first trial, we used a random number generator 
to select one of our eight available specimens. For repeated trials, we divided specimens into 
“least chromatic,” “most chromatic,” and “medium chromatic” groups using spectrophotometry 
data (see below). We ensured that males receiving three trials encountered the full range of 
available specimen coloration by restricting our random selection to novel groups during 
repeated trials. For example, if a male was shown one of the “most chromatic” specimens during 
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his first trial, we restricted our random number generation so that he was not presented with 
another highly chromatic specimen during his second or third trial.   
 Specimen Sources: For specimens, we used eight taxidermy birds prepared from our 
captive population. These birds had been raised in captivity during summer 2014 and summer 
2016. If a specimen was damaged during trials, we either repaired it using super glue or 
discontinued use.  
Trials: We conducted ten-minute STI trials at each nest. We attached specimens to a 60-
inch wooden dowel affixed to a camera tripod. We also attached two other wooden dowels to the 
tripod to allow the focal bird places to perch during the trial. We painted the tripod and dowels 
green to decrease conspicuousness. We set the tripod and specimen 3m from the front of the nest 
box next to the fence line. The observer (always SB) covered the specimen with a cloth attached 
to a fishing line and retreated to a location at least 20m from the nest box. After a five-minute 
waiting period, the observer pulled the cloth from the specimen and began a three-minute 
playback period. For playback, we used an iPhone 6 plus at max volume concealed directly 
underneath the tripod. To avoid disturbing the birds to begin playback, we used a five minute 
recorded silence track such that the playback would automatically begin after five minutes. We 
only used one mountain bluebird call for all trials to limit specimen signal variation to visual 
cues. We recorded behavior of the focal male including latency to respond to the specimen, 
hovers directed toward the specimen, aggressive flights toward the specimen (males often 
display using undulating flight with no physical contact), and number of attacks to the specimen 
(these involved physically contacting the specimen with feet or beak). We also measured the 
number of times males perched at the entrance to the nest box, likely a defensive behavior (SB 
pers. obs.); males often appeared to be blocking the nest box entrance with their bodies while 
oriented towards the specimen. Males did not enter the nest box during any of our trials, though 
females often did. Finally, at the start of each minute we noted the position of the male and 
female as perched on the tripod with the specimen, within five meters of the specimen, within ten 
meters of the specimen, present within view but greater than ten meters from the specimen, or 
absent from the observer’s field of view. We used flagging tape affixed to the fence around the 





 We assessed territory quality during 2016 and 2017 using pitfall traps placed within 20m 
in each direction of the nest box along the fenceline. Mountain bluebirds are primarily pounce 
foragers and eat insects off the ground, rather than flying insects (Herlugson 1982). In 2016, we 
placed traps within 2 days of the appearance of the first egg at each nest (beginning April 2nd). 
Birds arrived to the study site later in 2017 (first egg = March 29th 2016, April 6th in 2017), so we 
began placing pitfall traps on April 4th, 2017 as nests reached later stages of development prior to 
egg lay. We dug holes 10cm deep and placed 10cm plastic cups into the hole before packing dirt 
back around the trap. We filled cups with approximately 4cm of 50/50 propylene glycol and 
water. Every 7-8 days we collected insects from traps and replaced the trapping liquid. We froze 
samples in plastic bags until analysis. After thawing, rinsing and sorting, we dried insects for five 
days at 60 degrees Celsius and weighed insects (by family group) to the nearest milligram. To 
obtain insect biomass, we sorted insects to include only those which are frequently eaten by 
mountain bluebirds; Orthoptera, Coleoptera, and Lepidoptera. We categorized Coleoptera and 
Lepidoptera into adults and larvae and weighed them separately. We obtained relative insect 
abundance of the breeding season by z-scoring samples collected on the same day so that they 
were centered at 0 with a standard deviation of 1. This allowed us to assess whether more 
colorful males had relatively higher quality territories for a given day of the season.  
 
Color Measurement 
 We measured the color of rump feathers collected during capture using a USB4000 
spectrophotometer with a pulsed xenon light source (Ocean Optics, Dunedin, USA). We took 
five reflectance measurements each consisting of ten averaged curves. We stacked seven feathers 
on top of each other and taped them to non-reflective black paper (Canson) for measurement. We 
positioned the probe at 90 degrees using a probe holder and standardized the distance between 
the probe and the specimen at 5mm. We standardized measurements between individuals using a 
white standard (Labsphere, NH), and turned off the light source and covered the probe to create a 
dark standard. To minimize variation we measured coloration of all males in a single day. Past 
measurements of repeatability of color measurements from the same observer (SB) in our lab 
indicate low coefficients of variation even when feather samples from a single individual are 
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measured several years later (CV Hue=6%, CV Brightness=9%, CV spectral saturation=4%, CV 
UV Chroma=4%).  
 To extract color variables, we averaged the resultant reflectance measurements (between 
300 and 700nm) and smoothed spikes from curves using the program CLR 5 (v. 1.05, 
Montgomerie 2008). From these averaged curves we used R (R Core Team 2017) to extract the 
hue (wavelength of peak reflectance), blue chroma (proportion of the reflectance concentrated 
from 400-512 nm), UV-chroma (proportion of the reflectance concentrated from 300-400nm), 
and brightness (sum of the total reflectance). For wild birds, we also measured the spectral 
saturation (proportion of the reflectance concentrated within 100nm of the hue).  
 
Analysis 
 We performed all statistical analyses using R (R Core Team 2017). We analyzed STI 
behaviors into a principal components analysis (PCA). We combined presence data into total 
time spent within 10m of the nestbox vs. greater than 10m or absent. However, we only included 
the time that males spent within 10m of the nest box in our PCA scores, to avoid the use of two 
binary variables. We scaled all behavior variables in our PCA to a mean of zero and standard 
deviation of one. All aggressive behaviors loaded positively onto the first principal component 
(PC1), which explained 48% of the variance in aggressive behavior (Table 1). In sum, males 
with higher aggression scores spent more time within 10m of their nestbox and performed more 
aggressive behaviors towards the specimen during our 10-minute observation period. We used 
only the first observation from each nest to evaluate color as a predictive factor for aggressive 
behavior (n=20). We used linear regression models and assessed model fit and assumptions 
using appropriate diagnostic plots and R2. For analyses of the effect of specimen coloration on 
focal male behavior, we included all observations and fit a mixed effects model (R package 
nlme) with a random effect of male ID (n =14 separate focal males).  
 We used the package “rptR” to analyze repeatability of aggressive behaviors of 
individual males as well as responses to specimens (Nakagawa and Schielzeth 2010). We 
bootstrapped repeatability estimates with 1000 iterations and specified a gaussian distribution for 
all repeatability analyses. We did not scale behavior variables when analyzing the effects of 
specimen coloration or repeatability of focal male behavior. To evaluate whether coloration was 
involved in obtaining higher quality territories, we used a mixed effects model including a 
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random effect of male ID to assess the correlation between male coloration and territory quality 
at the beginning of the season using the first pitfall trap we collected on his territory in each year 
(n=20 nests in 2016, n = 21 nests in 2017).  
 
Results 
Coloration and Aggression 
In all of our analyses, male blue chroma and spectral saturation were the only significant 
predictor of focal male behavior. Male blue chroma was positively correlated with his response 
to the simulated territorial intrusion (Figure 2, β=0.40 F1,14=8,p=0.01,R2=0.36). Spectral 
saturation and UV Chroma were also positively related to male aggression (Saturation: 
β=0.41,F1,14=11.89, p<0.01,R2=0.42, UV Chroma: β=0.27, F1,14=5.38, p=0.04,R2=0.28). Hue and 
brightness were unrelated to male behavior (Hue: β=-0.04, F1,14=2.92,p=11,R2=0.17, Brightness: 
β=-0.01, F1,14=0.144, p=0.71,R2=0.01) These relationships were not due to seasonal effects, as 
there was no relationship between male coloration and nest initiation date across our study site 
(LMM: βcolor= 0.11, F1,67=0.03, p=0.85).  
 
Territory Quality 
Male coloration predicted the quality of his territory at the beginning of the season in both 2016 
and 2017 (Figure 4, LMM: F1,48=8.91, β=0.27, t=4.45, p=0.01). While the association between 
male coloration and insect abundance became less strong during the nestling phase (LMM: 
F1,48=4.74, β=0.10, t=2.18, p=0.03), relative insect abundance was moderately repeatable across 
individual nests (R2016=0.44, bootstrap 95% CI: (0.27,0.61), R2017=0.39, bootstrap 99% CI: 
(0.24,0.53)). Territory quality was also not directly related to male aggression (β=0.08, 
F1,12=0.13, p=0.73,R2=0.009), or nest initiation date (LMM: β=0.01, F1,43=1.90, p=0.17).  
 
Repeatability of Aggressive Behavior 
Repeatability analysis demonstrated that our aggression score (PC1) was not repeatable across 
the laying period (R=0.182, bootstrap 95% CI: (0,0.53), n=37 trials at 14 nests). However, we 
found that the number of times a focal male attacked the specimen was significantly repeatable 
(R=0.78, bootstrap 95% CI: (0.49,0.91)). Other behaviors were not repeatable among trials of the 
same focal male (aggressive flights: R=0.05, bootstrap 95% CI: (0,0.41), hovers: R=0.07, 
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bootstrap 95% CI: (0,0.45), perches: R=0.21, bootstrap 95% CI: (0,0.55), time within 10m of 
specimen: R=0.22 bootstrap 95% CI: (0,0.54)). Furthermore, focal male response was not 
repeatable based on the specimen used (first trials only, PC1: R=0, bootstrap 95% CI: (0,0.44), 
attacks R=0, bootstrap 95% CI: (0,0.40), hovers: R=0, bootstrap 95% CI: (0,0), aggressive 
flights: R=0, bootstrap 95% CI: (0,0.28), perches: R=0, bootstrap 95% CI: (0,0), time within 10m 
of specimen: R=0, bootstrap 95% CI: (0,0).  
 
Discussion  
 Sexual selection operates through intrasexual competition and intersexual mating 
preferences (Andersson 1994). Understanding how traits function during contests is crucial to 
comprehending the mechanisms of intrasexual selection (Hunt et al. 2009, Qvarnström and 
Forsgren 1998). We found that males with more chromatic coloration obtained higher quality 
territories. Across many bird species, males with more intense coloration have higher quality 
territories; such as nest sites that are more protected from predation, or that have increased food 
abundance (Hasegawa et al. 2014, Hill 1988, Keyser and Hill 2000, Wolfenbarger 1999). 
Plumage coloration can also signal territory quality during the nonbreeding season; male 
redstarts overwintering in high quality habitat have brighter tail feathers than males that 
overwinter in low quality second-growth habitat (Reudink et al., 2009).  Our results support 
further links between coloration, RHP, and territory quality as the result of success during 
intrasexual contests. 
Our study design was such that resident males likely perceived their territory to be high 
value; we performed our observations when males had already established and been defending 
territories for some time. Our results demonstrate that blue coloration is informative during 
agonistic interactions. A more elaborate male is more likely to defend his territory against 
intruders, and this should reduce his and his mate’s likelihood of losing their territory after 
establishment. From the perspective of rivals, this may reduce their propensity to enter into 
aggressive interactions with highly colorful males that own territories.  
Across species, males with more elaborate plumage coloration often have higher 
reproductive success (Balenger et al. 2009, Brommer et al. 2005, Doucet et al. 2005, Hill 1988, 
Keyser and Hill 2000, McGraw et al. 2001, Safran and McGraw 2004, Siefferman and Hill 2003, 
Wiehn 1997). Given the widespread associations between plumage color and territory quality, it 
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is unclear if the relationship between coloration and reproductive success is due to its function as 
an agonistic signal or a target of female preference, or both. Previous work on eastern bluebirds 
(Sialia sialias) found that females did not display preferences for male coloration in laboratory 
preference tests (Liu et al. 2007). Also, more colorful males did not attract new mates faster than 
their less colorful neighbors after mate removal in the field (Liu et al. 2009). These results, when 
taken together with the data we present in this paper, suggest that bluebird coloration is primarily 
an agonistic signal representing possible aggressive response to conspecific challenge.  
However, male mountain bluebird coloration positively predicts his total reproductive 
success (Balenger et al. 2008), and so this signal, or some correlate of it, may be used in female 
mate choice. Females may not always base their mating choices directly on male traits, but could 
choose aspects of the male's extended phenotype that result from winning competitive 
interactions with other males (Qvarnström and Forsgren 1998). High quality territories are one 
component of a male's extended phenotype that can provide increased resources for females. For 
example, female fish often choose spawning sites that are defended by high quality males. If 
males disappear or are experimentally removed, females will often remain at their spawning site 
rather than choosing a new mate (Jones 1981, Warner 1987). Traits that are used during 
intrasexual contests can therefore increase mating success even in the absence of strong female 
preference for that trait if females gain resources from mating with highly competitive males 
(Berglund et al. 1996, Qvarnström and Forsgren 1998). Females may receive benefits from 
exercising choices for more elaborately colored males, but further study is needed on the specific 
targets of female choice in bluebirds and other territorial species that utilize status signals.   
Selection is unable to act on traits that are not a repeatable aspect of individual phenotype 
(Boake 1989). Interestingly, we found that some, but not all, components of a male’s behavioral 
response to a simulated intruder were repeatable across the laying period. A male’s propensity to 
attack the specimen was repeatable, but other behaviors and our aggression score were not 
repeatable. Other studies have found that western bluebird aggressive behavior is repeatable 
throughout the breeding season (Duckworth 2006). Duckworth (2006, and later) used a behavior 
scoring system that relied heavily on the number of attack behaviors, so our results are in 
agreement with these earlier studies. Our data suggest that signal honesty of blue coloration may 
be maintained in this case through behaviors that are likely to result in injury, but “bluffing” 
behaviors such as aggressive flights, hovers, or nest box defense are not contributing to the 
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honesty of this signal, as they are not repeatable aspects of male phenotype. However, the fact 
that more elaborate males are still more likely to engage in the behaviors that escalate contests is 
compelling, and warrants further study about the maintenance of signal honesty in this system. In 
great-tits there is strong between-year repeatability of the plastic decline in aggressive behavior 
throughout the breeding period (Araya-Ajoy and Dingemanse 2017). In our study system, an 
aggregate of aggressive behavior is not repeatable during a single breeding stage (egg lay), but 
may be repeatable across years or breeding stages within the same year. We saw no decline in 
aggression throughout the laying period, and did not perform our intrusions at any point after 
nestlings had hatched. Sampling individuals in multiple years and across stages of the breeding 
season will help us understand whether our observed effects are due to selection or a different 
source of variation.  
 In conclusion, we have demonstrated that mountain bluebird coloration is related to 
several indicators of aggressive behavior and competitive ability. Females mated to bluer males 
receive resource benefits through increased territory quality, and bluer males show evidence of 
increased nest defense throughout the nestling period. However, only specific aspects of male 
aggressive behavior are repeatable throughout the laying period. Our results underline the 
importance of studying multiple possible benefits associated with signal traits. Signals that are 
relevant in aggressive contexts can also indicate benefits to females, though the relationships are 
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Tables and Table Legends 
Behavior PC1 Loading 
Time spent within 10m of the nest box 0.51 
Hovers 0.44 
Perch on Nestbox 0.32 
Attacks 0.37 
Aggressive Flights 0.55 
  
 




















































































































































































































































































































































































































































































































































































































































































































































































































Comparison	 Difference	±	SE	 z	 Tukey	HSD	p	
Day	3	–	Day	0	 -1.12	±	0.31		 -3.59	 <0.01	
Day	6	–	Day	0	 -0.85	±	0.31	 -2.67	 0.15	
Day	13	–	Day	0	 -1.16	±	0.31	 -3.67	 <0.01	
Day	20	–	Day	0	 -1.21	±	0.31	 -3.85	 <0.01	
Day	27	–	Day	0	 -1.06	±	0.31	 -3.40	 0.01	
Day	34	–	Day	0	 -0.86	±	0.35	 -2.47	 0.28	
Day	6	–	Day	3	 0.29	±	0.31	 0.91	 1.00	
Day	13	–	Day	3	 -0.03	±	0.31	 -0.08	 1.00	
Day	20	–	Day	3	 -0.08	±	0.31	 -0.26	 1.00	
Day	27	–	Day	3	 0.06	±	0.31	 0.19	 1.00	
Day	34	–	Day	3	 0.26	±	0.35	 0.74	 1.00	
Day	13	–	Day	6	 -0.31	±	0.31		 -1.00	 1.00	
Day	20	–	Day	6	 -0.47	±	0.31	 -1.17	 1.00	
Day	27	–	Day	6	 -0.23	±	0.31		 -0.72	 1.00	
Day	34	–	Day	6	 -0.02	±	0.35	 -0.07	 1.00	
Day	20	–	Day	13	 -0.05	±	0.31	 -0.17		 1.00		
Day	27	–	Day	13	 0.09	±	0.31	 0.28	 1.00	
Day	34	–	Day	13	 0.29	±	0.35	 0.83	 1.00	
Day	27	–	Day	20	 0.14	±	0.31	 0.45	 1.00	
Day	34	–	Day	20	 0.34	±	0.35	 0.98	 1.00	



























































































































































































































































































Year	 Brood	#	 β	±	SE	 Model	Fdf,	(p)		
2015	 1	 0.39	±	0.15	 6.311,14,	(0.02)	
2015	 2	 -0.06	±	0.12	 0.221,16,	(0.61)		
2016	 1	 -0.28	±	0.24	 1.881,14,	(0.18)		
2016		 2	 -0.49	±	0.21	 5.601,15,	(0.03)		
2017	 1	 0.02	±	0.08	 0.061,26,	(0.80)	
2017	 2	 -0.67	±	0.20	 11.411,15,	(<0.01)		
	Table	2	Estimated	effect	sizes	for	male	coloration	on	nestling	mass	across	years	and	
seasons	(first	vs.	second	brood).		
	
	
Figure	5	The	relationship	between	the	effect	size	for	male	coloration	and	nestling	mass	
across	years	and	seasons.	Error	bars	represent	standard	error.	First	broods	are	denoted	by	
circles,	second	broods	are	triangles.		
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Figure	6	The	effect	of	male	coloration	on	nestling	mass	during	experimental	feather	clip	
challenge	(2016).		
	
Discussion		
	 The	ability	of	blue	coloration	to	predict	direct	benefits	varied	with	reproductive	
investment	across	years	and	seasons.	When	reproductive	investment	was	high,	male	
mountain	bluebirds	with	more	saturated	colors	invested	more	in	reproduction	and	
produced	heavier	nestlings.	However,	when	reproductive	investment	across	our	study	site	
was	low,	this	trend	reversed	and	more	colorful	males	produced	lighter	nestlings.		
	 We	found	that	variation	in	reproductive	investment	covaried	with	seasonal	
variation	that	impacted	the	distribution	of	male	traits	across	our	study	site.	When	spring	
progressed	quickly	and	there	was	less	variance	in	the	date	of	territory	establishment,	there	
was	also	less	variance	in	the	coloration	of	males	who	obtained	territories.	Signaling	theory	
predicts	that	when	variance	in	male	traits	is	high,	females	should	receive	relatively	more	
benefits	from	mating	with	higher	quality	males	(Kodric-Brown	and	Brown	1984).	Our	data	
partially	support	this	hypothesis	in	that	when	mean	male	trait	quality	was	low	in	early	
2015,	the	association	between	male	trait	quality	and	offspring	mass	was	strongly	positive.	
However,	variance	in	blue	coloration	was	highest	in	2017,	and	we	did	not	observe	the	same	
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positive	relationship	between	male	color	and	nestling	mass.	This	suggests	that	in	years	
where	less	colorful	males	are	able	to	obtain	territories,	females	gain	direct	benefits	from	
mating	with	relatively	more	ornamented	males.	However,	in	other	years	of	our	study	the	
most	elaborately	colored	males	produced	the	lightest	offspring.	This	warrants	further	
exploration,	as	it	appears	that	sometimes	females	pay	costs	for	social	pairings	with	
elaborate	males.		
	 While	we	found	a	strong	relationship	between	reproductive	investment	and	direct	
benefits,	males	did	not	respond	differently	to	our	experimental	challenge	based	on	their	
coloration.	Variation	in	responsiveness	to	challenge	has	been	shown	to	impact	other	
aspects	of	sexual	selection,	though,	and	should	not	be	ruled	out	as	a	source	of	variation	in	
this	or	other	mating	systems	(Hill	2011).	For	example,	male	soay	sheep	that	invest	heavily	
in	horn	length	in	poor	environments	suffer	reduced	correlations	between	horn	length	and	
reproductive	success	as	adults	(Robinson	et	al.	2008).	This	indicates	that	allocation	
differences	during	early	development	can	impact	the	reproductive	benefits	associated	with	
sexually	selected	traits	into	adulthood.	Our	data	have	not	ruled	out	these	types	of	effects.	
Given	that	our	experimental	manipulation	predictably	altered	the	relationship	between	
male	coloration	and	direct	benefits,	it	is	likely	that	our	experimental	perturbation	was	not	
strong	enough	to	observe	an	interaction	between	male	coloration	and	treatment.		
Across	years,	male	mountain	bluebirds	with	intermediate	levels	of	coloration	were	
the	most	likely	to	provide	direct	benefits	in	the	form	of	offspring	quality.	Previous	work	on	
sexual	selection	has	also	documented	stabilizing	effects	of	male	trait	quality	on	fitness	and	
performance	(Gray	and	Cade	1999,	Hunt	et	al.	2005,	O’Brien	et	al.	2017).	These	effects	
could	be	due	to	constraint,	where	males	cannot	simultaneously	optimize	both	components	
of	fitness,	or	adaptation,	where	males	adjust	their	performance	based	on	context	
(Antonovics	and	van	Tienderen	1991).	While	our	data	support	adjustments	to	direct	
benefits	based	on	context,	we	cannot	completely	eliminate	temporal	constraints	regulating	
trait	development.	In	two	out	of	three	of	the	years	of	our	study,	the	relationship	between	
male	coloration	and	offspring	quality	became	more	negative	late	in	the	season.	Notably,	in	
late	2017,	when	nestlings	were	the	lightest,	the	relationship	between	male	coloration	and	
nestling	mass	was	more	negative	than	in	late	2016	or	2015.	This	suggests	adaptive	
adjustment	rather	than	fixed	constraints	on	resource	allocation.	However,	these	effects	
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may	also	be	due	to	males	partitioning	resources	between	the	current	reproductive	attempt	
and	the	onset	of	seasonal	molt,	when	this	signal	must	be	developed	to	ensure	reproductive	
success	in	the	following	year.	Overlap	between	molt	and	breeding	is	energetically	costly,	
and	birds	may	be	unable	to	maximize	both	offspring	quality	and	feather	coloration	late	in	
the	season	(Dawson	et	al.	2000;	Foster	1974,	1975;	Siikamaki	et	al.	1994).	This	temporal	
constraint	is	likely	strong,	and	therefore	we	do	not	have	data	to	conclusively	determine	
that	the	changes	in	nestling	mass	across	our	study	were	adaptive	adjustment	to	
reproductive	effort.		
	 Overall,	future	work	should	focus	on	manipulating	the	major	contributors	to	
variation	in	the	honesty	of	sexually	selected	traits	to	make	robust	predictions	about	when	
and	where	we	expect	traits	to	be	honest	indicators	of	male	performance.	Here,	we	identify	
two	potential	factors:	the	distribution	of	territorial	males	and	changes	in	optimal	
reproductive	investment.	Identifying	the	causal	agents	that	drive	variance	in	the	honesty	of	
sexually	selected	traits	is	a	crucial	goal	for	future	sexual	selection	research.		
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